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Course organisation

Bioinformatic tools
MSc Biology, 2026/2027 Autumn semester

Maslard Corentin (corentin.maslard@unine.ch, office A313)

mailto:corentin.maslard@unine.ch
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Evaluation procedure

> Continuous participation [30] 
> Course exercises [70] 

- 10 questions related to the hands-on exercise at each of the seven courses / 
See guidelines / info on the moodle page (Soon)
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Bioinformatic tools, Microbial Community Analysis

Starting-point survey

https://forms.gle/au3JoYFokMEEzbqx7
https://forms.gle/au3JoYFokMEEzbqx7
https://forms.gle/au3JoYFokMEEzbqx7
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What is bioinformatics?

"Bioinformatics is the field of science in which biology, computer science, and information technology merge into
a single discipline." NCBI, 2001
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Bioinformatics’ main objectives
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The Sanger sequencing method in 7 steps.

• 1977: First way to read DNA (Sanger 

sequencing)
(1) The dsDNA fragment is denatured into two ssDNA

fragments. 
(2) A fragment of ssDNA is multiplied into millions of 
copies. 
(3) A primer that corresponds to one end of the fragment 
is attached. 
(4) The fragments are added to four polymerase solutions. 
Each solution contains the four types of bases but only
one type of termination nucleotide. 
(5) The chain grows until a termination nucleotide is
randomly added.
(6) The resulting dsDNA fragments are denatured to 
obtain a series of ssDNA of various lengths. 
(7) The fragments are separated by electrophoresis and 
the sequence is read.

(Gauthier et al. 2007)

(Akintunde et al., 2025)
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Large data everywhere
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A young field, a few landmarks

• 1977: First way to read DNA (Sanger sequencing)

• 1990: BLAST, compare a sequence to a whole database (→ Session 2 or 3)
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A young field, a few landmarks

• 1977: First way to read DNA (Sanger 

sequencing)

• 1990: BLAST, compare a sequence to a whole

database (→ Session 2 or 3)

• 2001: First draft of the human genome

13 years and $3 billion in 2001 
Today, one day and a few hundred dollars
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A young field, a few landmarks

• 1977: First way to read DNA (Sanger sequencing)

• 1990: BLAST, compare a sequence to a whole database (→ Session 2 or 3)

• 2001: First draft of the human genome

• 2007-2008: High-throughput sequencing: data explodes

• 2020: AlphaFold: deep learning meets protein structure (→ Session 7 ?)

https://alphafold.ebi.ac.uk/
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A young field, a few landmarks

• 1977: First way to read DNA (Sanger sequencing)

• 1990: BLAST, compare a sequence to a whole database (→ Session 2 or 3)

• 2001: First draft of the human genome

• 2007-2008: High-throughput sequencing: data explodes

• 2020: AlphaFold: deep learning meets protein structure (→ Session 7 ?)

You will touch a small piece of each of these ideas in this course
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The History of DNA Sequencing

(McEwen and Gómez, 2023)
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Where does biological data come from?

Different instruments, different questions.

• Genome/amplicon sequencing → FASTA, FASTQ

• RNA-seq (bulk or single-cell) → count tables

• Proteomics / metabolomics → abundance tables

• Imaging → measurement tables

• Genotyping / GWAS → genotype tables

Whatever the instrument: it almost always ends up as 
sequences or tables.
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How a computer works

• RAM: working memory, erased when powered off

• Disk/SSD: storage, kept when powered off
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How a computer works
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How a computer works

• RAM: working memory, erased when powered off

• Disk/SSD: storage, kept when powered off

Storage / Memory Typical speed Typical cost per GB Capacity Main use

HDD ~100–250 MB/s ~$0.015–0.03/GB
Large datasets, 
archives, backups

SATA SSD ~500–550 MB/s ~$0.05–0.10/GB
General storage, 
applications

NVMe SSD ~3–14 GB/s ~$0.06–0.15/GB
Fast storage, active 
datasets

RAM ~30–100+ GB/s ~$2–5/GB
Data actively used
by programs
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How a computer works

• RAM: working

memory, erased

when powered off

• Disk/SSD: storage, 

kept when

powered off

Omics data type Typical raw data / sample

Genotyping array / SNP chip 10-100 MB

Bulk RNA-seq 2-10 GB

ATAC-seq 2-10 GB

ChIP-seq 2-10 GB

Whole-genome bisulfite seq. 
(WGBS)

20-100+ GB

Whole-genome sequencing (WGS) 30-150+ GB

scRNA-seq / snRNA-seq 20-100+ GB

scATAC-seq 20-100+ GB

Spatial transcriptomics 10-100+ GB

Imaging 100 GB-several TB

Long-read WGS (ONT/PacBio) 50-300+ GB
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How a computer works

• RAM: working memory, erased when powered off

• Disk/SSD: storage, kept when powered off

• CPU: does the calculations

• GPU: many calculations in parallel (images, deep learning)
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How a computer works

• CPU: does the calculations

• GPU: many calculations in parallel (images, deep learning)
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How a computer works

• OS: manages all of 
the components

Operating System (OS): 
manages hardware 

resources and provides an 
interface between

applications and hardware.
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Files, folders, and the shell

• A path says where a file lives

• The working directory is where a command looks by default

• The shell: type instead of click, one command at a time
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From your laptop to a compute cluster

• LEGcompute: ~1000 CPU cores, 4 TB RAM, 80 TB SSD, 10 GPUs

• You share the login node; heavy jobs go through Slurm (later sessions)
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Connecting today

• UNINE wifi or GlobalProtect VPN

• Claim your account: Google Sheet (to this links)

• RStudio Server → Terminal tab (what we use today)

• SSH: for later, once you're comfortable

• 100 GB quota per student. No backups: it's on you.

https://docs.google.com/spreadsheets/d/1QaN-ZJ-bWl8s_HbvMpZnnwgBn-5SQyBFRyZqk5vqST8/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1QaN-ZJ-bWl8s_HbvMpZnnwgBn-5SQyBFRyZqk5vqST8/edit?usp=sharing
https://docs.google.com/spreadsheets/d/1QaN-ZJ-bWl8s_HbvMpZnnwgBn-5SQyBFRyZqk5vqST8/edit?usp=sharing
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The FASTA format

>NC_045512.2 partial genome

ATGTTTGTTTTTCTTGTTTTATTGCC...

• > line = header, name of the sequence

• Line(s) after = the sequence itself

• The format does not tell you: DNA or protein? complete? correct? → you have to look
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Useful Databases for Functional Annotation

Examples of useful functional annotation databases

Database
Number of 

terms
Associated bioinformatics tools

Gene 
Ontology (GO)

45000
DAVID ("Database for Annotation, Visualization and Integrated 

Discovery"), PANTHER, WebGestalt, ClueGO, g:Profiler

KEGG 24000 DAVID, WebGestalt, ClueGO (Cytoscape plug-in), g:Profiler

Reactome 21000 Reactome, PANTHER, WebGestalt, ClueGO, g:Profiler

WikiPathways 3000 WebGestalt ("WEB-based GEne SeT AnaLysis Toolkit")

PANTHER 180 PANTHER, WebGestalt

Source : Bond et al. (2021)

http://geneontology.org/
http://geneontology.org/
http://www.webgestalt.org/
https://www.genome.jp/kegg/
https://david.ncifcrf.gov/
https://reactome.org/community/resources
https://biit.cs.ut.ee/gprofiler/gost
https://www.wikipathways.org/index.php/WikiPathways
http://pantherdb.org/
https://pubmed.ncbi.nlm.nih.gov/34099934/
https://pubmed.ncbi.nlm.nih.gov/34099934/
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